Abstract-The velocity in a supersonic jet flow has been measured using CW CARS and agrees to within 4 percent of the calculated value. L ASER Doppler velocimetry is a widely used technique ,for measuring velocity in a fluid [ 1 ] ; however, in high Mach number flows the technique is limited by particle lag and low signal intensity 121 . Even those techniques which use fluorescence from molecules seeded into the flow [3] do not offer a satisfactory measurement in all situations, due to complications such as condensation [4]. Recently, Raman gain spectroscopy has been suggested as a method for making velocity measurements [5] , and experimental results have been reported for a subsonic nitrogen flow [6]. In this paper we report the first use of CW CARS as a nonintrusive, spatially resolved, nonseeded velocity measurement technique in a supersonic jet.
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CARS has been employed as a diagnostic probe of temperature and concentration in cold flows, combusting systems, and plasma discharges [7] . Velocity can also be measured if the ion laser was the pump source. The Stokes-shifted frequency was generated by a 100 mW tunable dye laser. The collinear pump and Stokes beams were focused into the supersonic jet by a 3.7 cm lens. Spot sizes were 2.2 pn for the pump laser and 2.7 pm for the Stokes beam. The focal planes were matched to within several microns. Spatial resolution in the longitudinal direction was provided by the rapid decrease in CARS conversion efficiency with distance from the focal plane; 90 percent of the signal was generated within five Rayleigh ranges [8] . A minicomputer was used to scan the dye laser frequency and record the photon counting rates.
The supersonic jet was tilted at 45" to the laser beam axes 0018-9197/81/1200-2258$00.75 0 1981 IEEE and a reference jet was aligned normal to the beam axes, as shown in Fig. 2(b) , to provide a high resolution spectrum with essentially zero velocity shift. The measurement sequence was to first take a spectrum using the reference jet. Next, a Doppler-shifted spectrum was produced in the tilted jet and, finally, anotker reference spectrum was scanned.
The dashed spectrum in Fig. 2(a) is the spectrum taken in the reference jet. The solid lihe is the spectrum from the tilted jet whose velocity component is to be measured. The Doppler shift, the offset in the two spectra, is 185 MHz corresponding to 897 m/s along the jet centerline. The argon ion laser drifted 20 MHz between the time the two reference spectra, were taken. Cori-ecting for this drift gives a measured velocity of 966 m/s. The theoretical velocity determined from the isentropic flow relations, with the Mach number calculated from the formula of Ashkenas and Sherman [9] , is 1010 m/s, or 4 percent larger than the measured value.
In conclusion, we have demonstrated that CW CARS can be used to measure velocity in supersonic flows. The accuracy with which the Doppler shift can be measured is determined by the drift in the laser frequencies. In the preserit experiment, a laser drift error of 10 MHz during the recording of a spectrum would limit the velocity resolution to 34 mls. Improved frequency stabilization of the laser sources could lead to a velocity measurement accuracy of several m/s. their performance to that of p-i-n photodiodes and avalanche photodiodes (APD's) with field-effect transistor preamplifiers (p-i-n FET's and APD-FET's, respectively). The HJPT, which can be thought of as a p-i-n photodiode integrated with a heterojunctiori bipolar transistor preamplifier, is illustrated in Fig. 1 . It is the simplest and easiest detector-preamplifier combination to use in a communications system, and our analysis illustrates that the phototransistor should outperform
